The electrocardiogram in ventricular septal defect has long been recognized as affording some ndication of the size of the defect and of the hmodynamic disturbance. In 1954, Wood, Magidson, nd Wilson reported that small defects and some defects of medium size had normal cardiograms, but that in larger defects evidence of both right and left ventricular enlargement was common. Dther workers have confirmed these findings, and since the introduction of effective methods of surgical closure, much attention has also been paid to the relation of the cardiographic changes to the degree of associated pulmonary vascular disorder.
The object of this communication is to analyse the value of the cardiogram in predicting the degree of pulmonary vascular disorder, the amount by which the pulmonary arterial pressure will fall immediately after closure, and the risks of operation. Mention is also made of special cardiographic features that may suggest complicated types of defect or associated cardiac lesions that may influence the surgical management.
MATERIAL AND METHODS The electrocardiograms of 82 consecutive patients whose ventricular septal defect was successfullyclosed were analysed from the following points of view.
1. Signs thought to indicate a large left-to-right shunt: (a) deep Q (c) peaked T in leads V4 to V7
(d) left axis deviation 2. Signs of increased "pressure" work by the right ventricle (due to pulmonary vascular disease, or pulmonary stenosis):
(a) tall R and small S, or R, qR, or rR', in leads V4R and Vl (b) T wave changes in V4R to V3 (c) deep S in V6 (d) right axis deviation 3. Other cardiographic signs:
(a) bundle-branch block.
(b) high voltage in limb leads (c) abnormal P waves, indicating atrial enlargement. We have used as our index of severity of pulmonary vascular disease the post-operative mean pulmonary arterial pressure expressed as a percentage of the mean systemic pressure. On the basis of this percentage the patients were divided into (a) mild, 10 to 29 per cent (44 patients); (b) moderate, 30 to 49 per cent (28 patients); (c) severe, 50 per cent and over (10 patients). The pressures were measured at the time of the operation.
RESULTS
These are presented in the following tables and in most instances the electrocardiographic sign under consideration has been related to the index ofpulmonary vascular disease as previously defined. The numerals in the tables show the number of patients in each category.
Group 1: Left Pracordial Leads, V5 to V7 Size of Q Wave. A simple grading according to presence or absence of the Q wave gave no indication of the severity of pulmonary disease. However, when graded according to actual depth (Table  I) it seemed likely that a deep Q wave, 5 mm. or more, was a good indication that there would not be severe pulmonary hypertension after operation. A small or absent Q wave on the other hand occurred commonly in both the mild and the severe groups and gave little prognostic information. There was a tendency for patients with-an associated patent ductus who had prominent Q waves to have more severe pulmonary vascular disease than the patients with uncomplicated defects. Of the 15 patients with a Q wave of 5 mm. or more, only 2 had severe pulmonary hypertension after operation and both had an associated patent ductus. The only correlation between the depth of the Q wave and the size of the defect was that patients with a defect of less than 1 cm./m.2 of body surface area had uniformly small Q waves. An R wave of over 30 mm. in leads V5 to V7 was taken to be abnormally tall. Of patients with a tall R wave in any of these leads, 8 had mild, 5 had moderate, and none had severe pulmonary hypertension after operation. A tall R wave in these leads was thus a good guide to the absence of pulmonary vascular disease, but only 15 per cent of the patients in the mild group had R waves of this dimension.
Peaking of the T waves is difficult to define by arithmetic criteria, and examples are shown in Fig. 1, 2 , and 4. An arbitrary grading into absent, 1+, 2+, and 3 + was made, and to maintain uniformity this was done by one author alone. The results of the analysis are shown in Table II . It can be seen in those patients with slight or no peaking there is a preponderance of those with moderate or severe pulmonary hypertension after operation, and when peaking is 2 + or 3+ there tend to be relatively more in the good risk, low pressure, group. However, the division of the patients on the basis of T wave peaking is by no means clear cut and it can be a misleading sign, as shown in Fig. 3 .
An electrical axis between 00 and -180°was found in 11 patients. None of these were in the severe group, whilst 7 were in the mild group (Table VII) . The presence of left axis deviation was thus a strong contraindication to severe pulmonary vascular disease. (Table IV) . It can be seen that those with an rS pattern or with complete right bundle-branch block had on the average lower pressures than those patients with equal or dominant R waves.
'Peaking' of the T wave was found in 28 patients and was arbitrarily divided into four grades, as shown in Table V . None with severe peaking lay in the high pressure group, but otherwise there was little correlation between this sign and the post-operative pulmonary arterial pressure. Inversion of the T wave was analysed according to whether such inversion was present in one or more leads. There was little correlation between T wave inversion and the various pressure groups.
In fact, the majority of those with a high pulmonary pressure after operation had T waves that were normal or slightly to moderately peaked.
Considering still the evidence of right ventricular hypertrophy the R/S ratio in lead V6 was measured in those without pulmonary stenosis. An R/S ratio in this lead of 2-0 or less was taken to indicate an unduly prominent S wave, and the results are shown in Table VI . Half the patients in the severe group had this feature compared with a third in the mild and moderate groups. A deep S wave in V6 was thus more common in the high pressure group than in the others, but was nevertheless quite common in the good risk patients. A further five patients with associated pulmonary stenosis had an R/S ratio of 2-0 or less in V6. Since pulmonary stenosis is known to produce right axis deviation, the electrical axis has been analysed only in those without pulmonary stenosis (Table VII) . Twenty-six had right axis deviation and most of them were in the moderate and severe groups. In fact, 9 out of 10 of those with severe pulmonary hypertension post-operatively had right axis deviation. There were, in addition, 6 patients with pulmonary stenosis who had right axis deviation. In a patient who was found at operation to have two large ventricular defects we had observed that there were large diphasic complexes in the limb leads. Among the whole series there were 11 patients in whom both the R and S waves measured more than 20 mm. in one or more of the limb leads, and only 3 ofthese patients had anatomically uncomplicated defects. Seven had a lesion that could increase the left-to-right shunt: patent ductus in 4, multiple ventricular defects in 2, and an atrial septal defect in one. One had pulmonary stenosis. An example of this unusual type of cardiogram is shown in Fig. 9 The absence of large Q waves in V5 to V7 in all but 2 patients is striking, and it is interesting that both of these had an associated patent ductus. None had a tall R in V6 while 6 had quite deep S waves. No less than 5 showed the allegedly favourable sign of peaked T waves in V4 to V6, thus demonstrating its unreliability. All had an electrical axis that was close to, or over, +900. The P waves generally were inconspicuous, being normal in 7, and showing more than a slight degree of left atrial hypertrophy in three. In the right precordial leads V4R and Vl the R wave was greater than the S wave with one exception, and 2 patients had a Q wave in these leads. The T wave in V4R and VI was variable. Only one patient had partial right bundle-branch block, and none had complete bundle-branch block.
Site of the Defect. Most of the patients had a lone infracristal defect, in 2 muscular, but in 5 it was supracristal and in 7 there were multiple defects.
As previously mentioned there were large diphasic limb lead complexes in 2 of the 7 with multiple ventricular defects, but apart from this the site of the defect had no recognizable effect on the electrocardiogram. One of the muscular defects was however due to indirect trauma, and the acute nature of the lesion gave a cardiogram of a type not seen in the other patients in that it showed considerable tachycardia and clockwise rotation. This patient has been reported elsewhere (Cleland et al., 1961) . Associated Cardiac Lesions. Eleven patients had a patent ductus arteriosus, and in 3 of these the Q wave in V5 to V7 was unexpectedly deep considering the severity of the post-operative pulmonary hypertension. In 4 there were large diphasic limb lead complexes.
There were 2 patients with atrial septal defect and neither showed right bundle-branch block.
Seven patients had associated aortic regurgitation but none had cardiograms outside the usual range for ventricular septal defect. Only one had left axis deviation. However, the series is selected since none with severe regurgitation were submitted to operation, and in one non-operated patient with severe regurgitation there was gross ST depression in V6.
Four of the group had severe mitral stenosis or regurgitation and the P waves in these have already been mentioned. Two with corrected transposition showed cardiograms typical of the anomaly and are reported elsewhere (Morgan et al., 1962) .
Patients with Lone Right, or Lone Left, Ventricular Hypertrophy Excluding those with pulmonary stenosis there were 16 with lone right ventricular hypertrophy, the children being judged by the criteria of Hollman (1958) . Of these 16, there were 3 with severe, 12 with moderate, and only 1 with slight or no pulmonary hypertension after operation.
Conversely 24 patients had lone left ventricular hypertrophy as judged by the presence of deep Q waves or tall R waves in V5 to V7, or of left axis deviation. Peaking of the T wave in V5 to V7 was not used as a criterion. As shown in Table X only one of these patients (and he had an associated patent ductus) had severe pulmonary hypertension after operation. 
DIsCUSSION
This study has shown that the electrocardiogram is of use in predicting the severity of pulmonary vascular disease in ventricular septal defect and that some features are more reliable than others.
The presence of an rS pattern in VI proved to be a remarkably good indication that the pulmonary arterial pressure would be low after operation as did other evidence of left ventricular hypertrophy such as a tall R in V6 and left axis deviation. This is in contrast to Blount and Woodwark (1960) who did not find it a reliable sign. They, however, related their findings to pulmonary vascular resistance as measured at catheterization, which we have found misleading, and have used the postoperative pulmonary arterial pressure instead.
Tall peaked T waves in V5 to V7 were ascribed by Cabrera and Monroy (1952) , to "diastolic overload" of the left ventricle and have been taken to imply a large left-to-right shunt. Although this is true in some patients, there are others, such as the one shown in Fig. 3 , in whom a tall T wave is found even when there is considerable pulmonary vascular disease. In fact, in Blount and Woodwark's series no less than a third of those with a tall T wave in V6 had considerable pulmonary hypertension.
The lack of right bundle-branch block in the patients with associated atrial septal defect was rather surprising and, in fact, may be atypical because Toscano-Barboza and Du Shane (1959) noted that 4 out of 7 patients with this combination had secondary R waves in V 1. Atrial fibrillation was rare, being found in only one patient, a man of 22 with associated mild mitral stenosis. The four patients with severe mitral disease (all children) were in sinus rhythm. Complete heart block was found once, in association with a corrected transposition. The absence of broad P waves in those with severe pulmonary vascular disease has already been commented on, and this correlation was also noted by Blount and Woodwark. On the other hand, it was quite common to have patients with a large left-to-right shunt who did not have left atrial enlargement. SUMMARY The extent of pulmonary vascular disease in 82 patients with ventricular septal defect was judged by the level of the pulmonary arterial pressure after complete closure of the defect. Various electrocardiographic features in these patients have been related to the post-operative pulmonary arterial pressure.
Mild pulmonary vascular disease was strongly suggested by a Q wave deeper than 4 mm. in VS to V7, R wave greater than 29 mm. in V5 to V7, left axis deviation, rS pattern in VI, right bundlebranch block, and lone left ventricular hypertrophy.
Severe pulmonary vascular disease was found in the presence of a dominant R wave in VI, right axis deviation, and deep S in V6. These signs, however, were found also in some mild cases. Lone right ventricular hypertrophy was virtually confined to patients with moderate or severe postoperative pulmonary hypertension.
Tall peaked T waves in V5 to V7 were commoner in the mild group, but occurred often enough in severe cases to make the sign unreliable as an isolated criterion.
Unusually deep Q waves in V5 to V7 occur when there is an associated patent ductus and they are then an unreliable guide to the pulmonary vasculature.
T wave peaking and T wave inversion in the right precordial leads were poorly related to evidence of pulmonary vascular disease as were the P waves in all leads.
Large complexes in the limb leads commonly indicated an associated cardiac anomaly. No single electrocardiographic feature can be completely relied upon in assessing the extent of pulmonary vascular disease. An appraisal of the cardiogram as a whole is necessary together with an appreciation of the fact that some features are more reliable than others.
